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Plant-parasitic nematodes are primary plant pathogens. Independently, they 
can cause important plant diseases. However, Powell's (1971) conclusion of 
a review paper on interaction between nematodes and other disease-causing 
agents was that nematodes are major components of disease complexes and 
that interactions with other pathogens may be their principal economic 
hazard. All root-parasitic nematodes cause mechanical injuries as they 
penetrate within o r  feed on root tissues, providing ready avenues of entry 
for other pathogens. For many years, the role of nematodes in fungal disease 
interaction was limited to wounding agents. However, mechanical woun- 
ding does not always promote fungal penetration within the root tissues. 
Hart and Endo (1981) reported that wounding roots of celery prior to 
inoculation of Fusarium oxysporum f .  sp. apii had no effect on the develop- 
ment of Fusarium yellows. Sumner and Minton (1987) reported that woun- 
ding roots with a knife did not increase wilt caused by Fusarium oxysporum 
f .  sp. tracheiphilum race 1 in soya bean cv. Cobb, while the disease was more 
severe in the presence of Belonolaimus longicaudatus and Pratylenchus 
brachyurus. There seems to be sqmething special about the role of some 
nematode wounds in fungal disease interaction (Pitcher, 1965). 
Statements such as 'Nematodes predispose plants to fungal diseases' or 
'Nematode infestations enhance fungal development and fungal disease 
symptoms in plants' are based on many research papers on interactions 
involving nematodes and fungi. Other researchers have indicated that 
nematodes may affect fungal resistance in plants and that they may render 
plants susceptible to fungi which are innocuous in the absence of nematodes 
(Batten and Powell, 1971; Powell, 1971). These results and statements imply 
that nematodes induce or produce factor(s) which can alter the susceptibility 
of their hosts to fungal diseases or enhance fungus ability to penetrate and 
'develop within the plant tissues. 
Most would agree that plant-parasitic nematodes induce physiological, 
biochemical and structural changes in their hosts. O n  the other hand, many 
abiotic and biotic factors can predispose plants to diseases that would other- 
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wise occur to a lesser extent (Lockwood, 1988). In addition, almost any stress 
or stimulus seems to influence fungal disease development in plants. For 
example, Shawish and Baker (1982) reported that a gentle shaking of stems 
and leaves for 1 minute each day increases Fusarium wilt symptom expres- 
sion in flax, pea and tomato. It will be purely speculative to discuss all 
changes induced by nematodes in their hosts that could potentially influence 
fungal disease developments. Because the importance and complexity of 
interactions between biotic and abiotic disease determinants have already 
been described (Wallace, 1978), this chapter will not discuss all interactions 
between nematodes and other biotic and abiotic factors. It will be limited to 
an interpretative evaluation of relevant literature which directly or indirectly 
supports or controverts biochemical and genetic bases of nematode-fungus 
interactions. 
14.1 INOCULUM LEVEL 
Observations indicate that plant predisposition to fungal diseases by plant- 
parasitic nematodes requires a minimum level of nematode infestation. 
Addition of 1000-2000 Meloidogyne incognita juveniles per plant signifi- 
cantly increased the number of plants of cotton cultivars Deltapine Smooth 
Leaf and Pima S-2 infected with Verticillium albo-utrum. However, addition 
of 250 and 500 juveniles per plant did not give a similar result (Khoury 
and Alcorn, 1973). A minimum initial population density of M .  incognita 
was required to increase Rhizoctonia solani disease on cotton seedlings 
(Carter, 1975). A significant interaction occurred between M. incognita 
and Fusarium oxysporum f .  sp. vasinfectum on cotton at a high nematode 
population, while no interaction was observed at a low nematode popula- 
tion level (Starr et al., 1989). 
Incubation period, incidence and symptom expression of some fungal 
diseases may also depend on the level of nematode infestation. The incuba- 
tion period of Cylindrocladium black rot of peanut was shortened to three 
weeks when peanut plants were inoculated with lo4 Meloidogyne haph  
eggs compared to four weeks when lo3 eggs per plant were used. Moreover, 
the highest incidence occurred with the highest inoculum level (Diomande 
and Beute, 1981). Wilt symptoms on tomato cultivar Matsudo-Ponderosa 
increased with the increasing number of M. incognita used to inoculate the 
Plants (Kawamura and Hirano, 1967). Sumner and Johnson (1973) reported 
that symptom intensity of Fusarium wilt of water melon was significantly 
correlated with initial population of M .  incognita juveniles. In controlled 
climate chamber experiments, the incidence of infection in tomato cultivar 
Bonny Best by Verticillium albo-utrum increased with increases in initial 
Population density of Praiylenchus penetruns (Conroy et al., 1972) and ' 
Trichodoru.s christiei (Conroy and Green, 1974). 
An increase in incidence of a fungal disease related to an increase in 
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nematode number which infects the plant may reflect the role of nematodes 
as wounding agents allowing the penetration of the fungus. The chances of 
infection by the fungus increase with increasing number of wounds. The 
shortening of the incubation period and an increase in severity of a fungal 
disease when the number of nematodes infecting the plant increase may also 
be related to a wounding action of the nematodes; however, they also sUg- 
gest that the nematodes have to induce a certain level of physiological 
changes to modify the reaction of their host to the fungus. 
14.2 SPECIFICITY OF NEMATODE-FUNGUS iNTERACTIONS 
Interactions between host plant, nematodes and fungi seem to be very 
specific and depend on the right combination between nematode species, 
plant species and(or) cultivar, and fungus. 
Nematode species with different biology and feeding habits present dif- 
ferences in ability to predispose the same host to Fusarium wilt. Difference 
in ability to promote Fusarium wilt in cotton was observed between 
Hoplolaimus galeatus and two populations of Belonolaimus longicaudatus 
(Yang et al., 1976). B. longicaudatus promoted wilt development while 
H .  galeatus did not. This difference was explained by the dissimilarity of 
root woundings caused by these two nematodes. B. longicaudatus, an 
ectoparasite with very long stylet, may zprovide access to the fungus to the 
vascular tissues of the plant. This cannot be achieved by H .  galeatus, a 
migratory endoparasite which feeds primarily on cortical tissue. Ditylenchus 
dipsaci was unable to predispose alfalfa cultivar Moapa 90 to the infection 
of F. oxysporum f .  sp. medicaginis (Griffin, 1990), while Meloidogyne hapla 
did (Griffin and Thyr, 1988). Griffin (1990) attributed this difference to 
variations in physiological effects of the two nematode species on alfalfa 
plant tissues. 
Nematode species with closely related biology and feeding habits may 
present differences in ability to predispose a plant to infection by the 
same fungus. Wilt development was more rapid when Fusarium oxysporum 
f .  sp. vasinfectum was associated with a population of Belonolaimus 
longicaudatus originally collected from cotton than with a population 
obtained from millet (Yang et al., 1976). Interaction between Verticillium 
spp. and lesion nematodes depends on the species of nematode involved. 
Müller (1977), studying interactions between five species of Prafylenchus 
and V. albo-utrum on balsam, reported that wilt was obtained when the 
fungus was combined with Pratylenchus penetruns and P. vulnus but wilting 
did not occur when combined with P. crenatus, P. thomei and P. fallax. 
P. penetrans interacted with V.  dahliae in potato early dying disease on 
cultivar Superior while P. crenatus did not. P. scribneri also did not interact 
with V. dahliae except when high temperature stress occurred during 
tuberization (Riede1 et al., 1985). Fusarium wilt symptoms appeared earlier 
and were more severe in chrysanthemum Fusarium-susceptible cultivar 
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Yellow Delaware when infected with Meloidogyne javanica than with 
M. hapla and M. incognita (Johnson and Littrel, 1969). These results suggest 
that nematodes which produce similar structural changes or wounds in the 
Same host may induce different physiological or biochemical modifications 
resulting in a different degree of promotion of the infection and development 
of the same fungus. 
A nematode species may interact differently with two fungi on the same 
plant. In a greenhouse experiment, Verticillium wilt was more severe in 
tomato cultivar Bonny Best infected with Heterodera tabacum than in 
uninfected plants, while Fusarium wilt was less severe in the presence of the 
nematode than in its absence (Miller, 1975). The alterations induced by one 
species of nematode may predispose its host to infection by one fungus and 
not another. 
14.3 DELAY IN FUNGAL DISEASE DEVELOPMENT 
There are many indications that the predisposition effect on plants to fungal 
diseases by root-knot nematodes reaches its maximum two to four weeks 
after nematode infection. 
Meloidogyne incognita maximally predisposed tobacco plants to 
Fusarium wilt (Porter and Powell, 1967) and to root decay caused by 
Pythium ultimum (Meléndez and Powell, 1970) when the nematode was 
inoculated four weeks prior to fungus inoculations. When M. incognita 
inoculation preceded Rhizochtonia solani inoculation by at least ten days, 
the M. incognita-susceptible tobacco cultivars Dixie Bright 101 and Coker 
316 exhibited more severe root-rot than when nematode and fungus were 
inoculated simultaneously (Batten and Powell, 1971). R. solani penetration 
and development in roots of radish was increased with prior M .  hapla root 
infection (Khan and Müller, 1982). Griffin and' Thyr (1986, 1988) reported 
that severity of Fusarium wilt of alfalfa increased when M .  hapla inocula- 
tions preceded those of F. oxysporum. Aspergillus ochraceus, Botrytis 
c:rlerea, Cumularia trifolli, Penicillium martensii, Pythium ultimum and 
Trichoderma harzianum, which are considered non-pathogenic to tobacco, 
caused severe root necrosis in tobacco cultivar C136 when inoc~l~ated four 
Lveeks after M. incognita (Powell et al., 1971). The incubation period of 
C?lindrocladium black rot of peanut was shortened in the presence of 
hapla and was the same whether the fungus was inoculated simul- 
ta?.eously with the nematode or two weeks later (Diomande and Beute, 
I'S1). Van Gundy et al. (1977) reported that the development of infection 
o" tomato plants by R. solani was delayed by three to four weeks when the 
tc%us was inoculated simultaneously with M, incognita. 
-he  delay in predisposition of plants to fungal diseases by root-knot 
""atodes suggests that these nematodes are not just wounding agents 
tac:litating the penetration of the fungi within the roots. If their role in 
':*ase complexes with fungi was limited to wounding agents, the fungal 
- 
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invasion of the plant tissues would begin soon after nematode infection 
nematodes have to induce drastic structural, biochemical and/or physiologi- 
cal changes in the roots to render them suitable to fungal penetration and 
development. In the case of root-rot caused by Rhizoctonia solani on 
tomato, Van Gundy et al. (1977) attributed this delay to a modification 
the root exudates which occurs three to four weeks after nematode infection 
when a high concentration of nitrogenous compounds in nematode-infecti 
root leachates is favourable for maximum virulence of the fungi. Wang and 
Bergeson (1974) suggested that changes in total sugar concentration in the 
xylem sap which reach maximum concentration four weeks after nematode 
inoculation may contribute to the enhancement of Fusarium wilt in tomato 
infect ed with Mel oidogyne incognita. 
.Ihc
' 
J 14.4 BREAKING OF FUSARIUM RESISTANCE BY ROOT-KNOT 
NEMATODES 
Young (1939) indicated that root-knot nematodes greatly decreased the 
resistance of tomato cultivars to Fusarium wilt. Sincejthis early report, many 
authors have concluded that monogenic,resistance (I gene) of tomato to 
F. oxysporum f. sp. lycopersici was rendered ineffective by infection with 
Meloidogyne hapla land l M .  incognita induced wilting in Fusarium wilt- 
resistant tomato cultivar Chesapeake. Similar results were reported with 
cultivars Chesapeake (Bowman and Bloom, 1966) and Bradley (Goode 
and McGuire, 1967). Sidhu and Webster (1977) indicated that monogenic 
resistance to F. oxysporum. f .  sp. lycopersici race 1 in tomato cultivar 
Chico III, possessing resistance gene 1-2, was ineffective in the presence of 
M. incognita. Studying interaction between M. hapla and F. oxysporum f. 
sp. medicaginis on alfalfa, Griffin and Thyr (1988) reported that in cultivar 
Synthetic XX, resistant to both organisms, the nematode promoted the 
fungal infestation only at 30°C, where resistance to M. hapla was lost. 
Noguera (1982) suggested that the loss of Fusarium resistance in tomato 
cultivar Craigella GCR 161 when infected with M. incognita was associated 
I , +- I with the lack of rishitin, an antifungal substance present in healthy plants but 
absent in nematode-infested plants. 
In contrast, many other researchers have concluded that root-knot 
nematodes do not affect Fusarium wilt resistance in tomato. Hybrid Bohn- 
' 
I root-knot nematodes. Jenkins and , Coursen ,(1957) reported that both 
k 
, 
. 
I 
Tucker 463 remained immune to Fusarium wilt despite abundant root-knot 
infestation (Harrison and Young, 1941). McClellan and Christie (1949) 
$ "  indicated that root-knot nematodes had very little effect on the wilt suscep- 
. tibility of tomato polygenic tolerant cultivar Marglobe. Fusarium wilt 
resistance of cultivar Toyonishiki was not affected by the presence of 
Meloidogyne incognita (Hirano et al., 1979). Jones et al. (1976) reported that 
the monogenic resistance to F. oxysporum. f. sp. lycopersici race 1 and 
race 2 of cultivars Florida MH-1 and Manapal were not altered by either 
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simultaneous or prior inoculation with M. incognita. Similar results were 
obtained by Abawi and Barker (1984) with tomato cultivars Nematex, 
Manapal and Floradel all with the Fusarium resistance gene 1-1 and Florida 
MH-1 with the Fusarium resistance gene 1-2. In addition, they observed that 
Fusarium resistance of Nematex was not reduced by the loss of M .  incognita 
resistance at 35°C. 
Inconsistencies between results may be due to differences in experimental 
conditions, cultivar nematode species associations, environmental and 
especially edaphic factors, and population levels of pathogens. For example, 
Jenkins and Coursen (19571, conducting experiments on the Fusarium- 
resistant tomato cultivar Chesapeake, reported that Meloidogyne incognita 
promoted wilt in 100% of the plants, whereas only 60% of the plants 
expressed wilt symptoms in the presence of M .  hapla. Despite the discrepan- 
cies in results obtained under different experimental conditions, it is evident 
that under favourable experimental and environmental conditions root-knot 
nematode can alter the Fusarium resistance of their host. This suggests that 
root-knot nematodes may induce slight changes in host physiology resulting 
in predisposition of the host to Fusarium wilt. 
A genetic basis of the physiological predisposition of tomato plants to 
Fusarium oxysporum f. sp. lycopersici by Meloidogyrie incognita was given 
by Sidhu and Webster (1974). They tested the resistance to the nematode and 
the fungus inoculated separately and together of the F, progeny obtained 
by crossing tomato cultivars Small Fry (resistant to both parasites) and 
Wonder Boy (susceptible to both parasites). When the F, plants were 
inoculated with the nematode or  the fungus alone, the ratio of plants falling 
into the four reaction classes was 9/16 resistant to both parasite, 3/16 
resistant to the nematode and susceptible to the fungus, 3/16 susceptible to 
the nematode and resistant to the fungus, and 1/16 susceptible to both 
parasites. This ratio 9 : 3  :3:  1 suggested the presence of two dominant 
genes segregating independently, one effective against M. incognita and the 
other against the fungus. When plants were inocula'ted with both parasites 
the 9 : 3 : 3 : 1 ratio was modified to a 9 : 3 : 4 ratio. This 9 : 3 : 4 ratio 
characterized a recessive epistasis and indicated that plants which were 
genetically resistant to the fungus but not to the nematode showed a suscep- 
tibility to the fungus when infected by the nematode. 
14.5 MODIFICATION OF THE RHIZOSPHERIC ENVIRONMENT AND 
FUNGAL DEVELOPMENT ON THE GALL SURFACE 'J 
Germinated chlamydospores of Fusarium solani f .  sp. phaseoli were able 
to use root leachates as a substrate for growth and reproduction (Schroth 
and Hendrix, 1962). Wang and Bergeson (1974) suggested that changes 
in total sugars and amino acids of Meloidogyne incognita-infected plant 
root leachates contribute to the predisposition of tomato plants to Fusarium 
wilt. Exudates from galled roots may provide stimuli for germination 
: .  
a r  . B 
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of chlamydospores, accounting for the increase in numbers of propagules 
(Bergeson et al., 1970) and colonies (Noguera and Smits, 1982) of F. 
oxysporum f .  sp. lycopersici in the rhizosphere of tomato plants infected 
with M. incognita and M, javaniCa compared to those observed around 
non-galled roots. 
Golden and Van Gundy (1975) reported that on tomato and okra infected 
with Meloidogyne incognita, Rhizoctonia solani sclerotia were formed only 
on gall tissues. Van Gundy et al. (1977) observed that 28 days after M. 
incognita inoculation of tomato roots, galled surface segments were abun- 
dantly colonized by R. soIani sclerotia, which began to germinate. A similar 
observation was made by Khan and Müller (1982), who reported that 
following M. hapla infection mycelial growth of R. solani was more abun- 
dant on galled regions of radish roots than on non-galled areas. 
Rhizoctonia solani was specifically attracted to Meloidogyne incognita 
gall tissues responding to stimuli which originated from the galled roots and 
passed through semi-permeable cellophane membranes (Golden and Van 
G d y ,  1975). Starr and Aist (1977) observed that Pythium polymorphon 
colonized preferentially and earlier galled areas of celery roots infected with 
M. hapla than non-galled root segments, suggesting that factors attractive 
to the fungus originated from galls caused by the root-knot nematode. 
Van Gundy et al. (1977) demonstrated that, severe root-rot caused by 
Rhizoctonia solaní on Pixie Hybrid tomato may be associated with nutrient 
mobilization in root leachates induced by Meloidogyne incognita. When 
r o d  leachates of plants inoculated simultaneously with the nematode and 
the Eungus were permanently removed, I no root-rot occurred. In contrast, 
when root leachates were not removed a severe root-rot developed. More- 
over, when root leachates produced by M. incognita-infected plants were 
applied to roots of plants inoculated with R. solani alone, severe root-rot 
dewloped, whereas roots inoculated with R. solani receiving root leachates 
f ron  control plants were free of decay. During the first 14 days after 
nematode infection, when carbohydrates were abundant and C/N ratio 
was high in M. incognita-infected root leachates, R. solani growth was ,  
stimulated in the rhizosphere and the fungus was attracted to the roots. 
Bemeen 14 and 28 days after nematode infection, the C/N ratio was decreas- 
ing and at 28 days a low C/N ratio indicated a high level of nitrogen, 
f a m m b l e  for parasitic development of R. solani (Weinhold et al., 1972). 
Eiochemical modifications of root leachates induced by root-knot 
nexatodes appear to enhance the colonization of the rhizosphere by 
pa&ogenic fungi, to attract them to gall tissues, and favour their growth at  
the d l  surface. Moreover, they also appear to lower the numbers of 
ahomycetes,  antagonistic to Fusarium oxysporum f. sp. lycopersici, in the 
rhiaJsphere. Bergeson et al. (1970) observed a highly significant reduction 
in the number of actinomycetes and a significant increase in number of 
F-rim propagules in the rhizospheric soil surrounding roots inoculated 
sidtaneously with Meloidogyne jauanica and F. oxysponzm f. sp. lycoper- 
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sici compared to those observed when the fungus was inoculated alone. A 
similar observation was made by Noguera and Smits (1982), who suggested 
that the reduction in number of actinomycetes antagonistic to Fusarium in 
the rhizosphere of M. incognita-infected plants may be partly responsible 
for the enhancement of the pathogenic effect of the fungus. 
14.6 PENETRATION AND EARLY COLONIZATION OF ROOT-KNOT- 
INFECTED ROOTS 
Tu and Cheng (1971) suggested that liberation *of root leachates through 
wounds produced by Meloidogyne javanica in kenaf may stimulate Macro- 
phomina phaseoli hyphal penetration within the roots. Powell and Nusbaum 
(1960), studying the invasion of M. incognita-infected tobacco roots by 
Phytophthora parasitica var. nicotianae, observed that fungal invasion dnd 
colonization was more extensive in galled than in non-galled tissue. The 
mycelium present in galled tissue was more vigorous and hyphae larger than 
in non-galled areas. Golden and Van Gundy (1975) observed that Rhizoc- 
tonia solani started to penetrate root-knot-induced galls four weeks after 
nematode inoculation. The fungus penetrated the galled tissue either directly 
or through openings created by the mature female nematodes to lay their 
eggs. After penetration the fungus showed a marked trophic intercellular 
growth towards the giant cells and physiological changes appeared in these 
cells prior to physical contact by the fungus. Fattah and Webster (1983) 
showed that considerable ultrastructural changes occurred in Meloidogyne 
incognita-induced giant cells prior to Fusarium oxysporum f .  sp. lycopersici 
invasion. This suggests that giant cells are sensitive to a translocatable 
physiological factor produced by the fungus. The same authors confirmed 
this hypothesis by obtaining similar ultrastructural modifications of the 
giant cells by incubating root-knot nematode infected roots in cell-free 
culture filtrate of the fungus (Fattah and Webster, 1989). 
Five to six weeks following root-knot nematode invasion, Rhizoctonia 
solani had extensively colonized the nematode-induced giant cells which 
degenerated within two or three days (Golden and Van Gundy, 1975). 
Similar observations on giant cell invasion and destruction by fungi were 
reported and described by Powell and Nusbaum (1960), Meléndez and 
Powell (1967), and Moussa and Hague (1988). In addition, Fattah and 
Webster (1983) reported that fungal hyphae were visible within the giant 
cells three weeks after fungal inoculation in Fusarium-susceptible tomato 
cultivar Pearson A-1 Improved and four weeks after fungal' inoculation 
in Fusarium-resistant cultivar Pearson Improved. Usually, root-knot 
nematodes express their greatest capability for predisposing plants to fungal 
disease three to four weeks after they have infected the roots, when the giant 
cells they induce are metabolically most active (Bird, 1972; Bird and Loveys, 
1975). Giant cells may serve as reservoirs of metabolites and an important 
Source of food for the fungi and may enhance their development within the 
296 Biochemical and genetic basis 
root tissues. After colonizing the giant cells, the fungi move into 
tissues (Golden and Van Gundy, 1975; Van Gundy et al., 1977). 
14.7 TRANSLOCATION OF THE PREDISPOSITION EFFECT 
INDUCED BY NEMATODES 
The predisposition of plant tissues to fungal infection by nematodes is not 
limited to the tissues they invade and structurally modify. Bowman and 
Bloom (1966) studied the breaking of Fusarium resistance in tomato cultivars 
Rutgers and Homestead by Meloidogyne incognita in a split-root experi- 
ment. They observed that wilt incidence was increased when the nematode 
and F. oxysporum f .  sp. lycopersici were inoculated on opposite halves of 
the root system. Similar results were reported for the interaction between 
M. incognita and F. oxysporum f .  sp. lycopersici by El-Sherif and Elwaki] 
(1991) with the tomato cultivar Tropic, and by Faulkner et al. (1970) on 
peppermint with Pratylenchus minyus and Verticillium dahliae. Carter 
(1981) reported additive combined effects of M. incognita inoculation on the 
roots and hypocotyl wounding, facilitating the penetration of Rhizoctonia 
solani on the severity of seedling disease of cotton. Because the two 
organisms infected spatially separate tissues, this additive effect indicated a 
systemic effect of the' nematode. 
Sidhu and Webster (1977) studied the translocation of the nematode's 
predisposing effect by bending over four. times the stems of Fusarium- 
resistant tomato plants (cultivar Chico III) to produce four adventitious 
root systems in addition to the primary root system. They inoculated the 
nematodes (Meloidogyne incognita) on the primary root system and the 
fungus (F. oxysporum f .  sp. lycopersici) on one of the root systems (primary 
or one of the four adventitious). When the fungus was inoculated on the 
primary root system, wilt symptoms were observed on the entire plant. 
When the fungus was inoculated on one of the adventitious root systems, 
wilt developed at the site of fungal inoculation and on the portion of the 
plant between the site of fungal inoculation and the apex of the stem, 
whereas, wilt symptoms were minimal between the fungal inoculation site 
and the base of the plant. These results indicate that a predisposition factor 
produced or induced by the nematode can be transmitted at considerable 
distances from the nematode infection site to the upper foliage. Similar 
results were obtained by Hillocks (1986) and Nicholson et al. (1985). They 
observed that Fusarium wilt symptoms in cotton and anthracnose leaf blight 
in com were worsened by the infection of the root system by M. incognita 
and Pratylenchus hexincisus when F. oxysporum f .  sp. vasinfectum and 
Colletotrichum graminicola were inoculated on the stems, indicating a 
systemic effect of the nematodes on the host resistance to fungi. 
Contradictory results were obtained in split-root experiments when 
the nematode and the fungi were inoculated on opposite parts of the 
root system, by Hillocks (1986) and Mooman at al. (1980). They did not 
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observe any translocatable influence of Meloidogyne incognita on the 
development of Fusarium oxysporum f .  sp. ïmsinfectum and F. OxYsporum 
f .  sp. nicotianue on cotton and tobacco, respectively. However, they 
observed an enhancement of the fungal infection when nematode and fungus 
were inoculated on the same half-root system. These apparent contradictory 
results seem to indicate that the nematodes may have two effects favouring 
fungal infection of their hosts: a localized effect, where the fungus pwetra- 
tion and initial development in the host is enhanced by the modifications 
induced by the nematodes at their feeding sites; and a systemic effect where 
inhibition of host resistance mechanisms occurs, resulting in a stimuJation 
of the fungal development in tissues not infected by the nematodes. 
14.8 CONCLUSION 
There are numerous findings which have concluded that either there wag no 
interaction between nematodes and fungi in disease complexes, or that 
nematodes did not predispose their hosts to fungal pathogens. It  hac, also 
been reported that nematodes may suppress the infection of their hcnt by 
pathogenic fungi (Orion and Netzer, 1981; Nordmeyer and Sikora, 1983). 
However, there are strong indications that nematodes, especially root-knot 
nematodes, may induce physiological and/or biochemical changes in their 
hosts which enhance the development of pathogenic fungi and/or p r e d i s m  
their host to fungal pathogens. Discrepancies between observations my 
probably result from differences in experimental conditions such as 
environmental and edaphic factors, nema tode and fungus inoculum lmeb, 
or from differences in the considered nematode-fungus-plant (cultivar) 
combination. 
Nematodes seem to favour all stages of fungal infection and developmt. 
By modifying the composition of the root leachates they can promo& the 
growth of fungi in the rhizosphere and favour their pathogenic developmat. 
Moreover, these modifications of the rhizospheric environment may limit 
the development of organisms antagonistic to the pathogenic fungi. &.ir 
feeding sites and the cells they modify, especially the giant cells induced 
by root-knot nematodes, may serve as a favourable substrate which &Ips 
the fungi to establish within the plant and promote their develop-t. 
Nematode-induced or produced factors appear to be translocated from t h  
nematode feeding sites to other parts of their host, especially in the he- 
ground parts. These factors seem to modify the resistance of the host t b  
to the fungi and/or directly stimulate fungal growth. 
Results obtained by Van Gundy et al. (1977) and Golden a d  Van Cij+ 
(1975) are direct indications that biochemical changes induced by nemy& 
in root leachates are responsible for the improvement of rhizosphere al- 
onization by Rhizoctonia soluni and its attraction by root-knot-indd 
galls, respectively. Observations made by Powell and Nusbaum (I”), 
Meléndez and Powell (1967), Golden and Van Gundy (1975) a d  Fat& d 
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Webster (1983) on the invasion of root-knot-induced giant cells by fungi 
provide direct evidence of their role in the enhancement of fungal develop- 
ment in the root tissues. Split-root system experiments (Bowman and Bloom, 
1966; Faulkner et al., 1970; El-Sherif and Elwakil, 1991), a bridging experi- 
ment (Sidhu and Webster, 1977) and experiments on inoculation of the 
two parasites (nematode and fungus) in spatially separated plant tissues 
(Nicholson et al,, 1985; Hillocks, 1986) provide strong direct evidence of a 
systemic effect of nematodes on fungal disease developments. However, the 
precise physiological and/or biochemical changes induced or produced by 
nematodes which predispose their hosts to fungal pathogens or directly 
enhance the invasion and development of pathogenic fungi in the host tissues 
are not known. Sidhu and Webster (1974) provided a genetic basis to the 
physiological predisposition of the tomato plant to Fusarium wilt by show- 
ing that a cultivar genetically resistant to the fungus kas its resistance broken 
when infected by root-knot nematodes. The observations of Sidhu and 
Webster (1974) and similar observations of other workers raise questions 
such as 'What are the genes which make one nematode species capable of 
predisposing a plant to a fungal disease while another closely related 
nematode species is not?' or 'Do genes which control interactions between 
nematodes and fungi exist?' Answers to these questions and the understand- 
ing of nematode-induced physiological and biochemical changes induce in 
their hosts that are responsible for the predisposition of the host plants to 
fungal pathogens could be the necessary bases to develop control strategies 
against these parasites using resistant cultivars. More multidisciplinary 
research between biochemists, geneticists, pathologists and nematologists 
will be necessary to understand the interrelationships between nematodes, 
fungi and plants. 
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